University of Kentucky

UKnowledge
Kentucky Water Resources Annual Symposium

2022 Kentucky Water Resources Annual
Symposium

Sep 19th, 2:30 PM

Poster Session
Kentucky Water Research Institute
University of Kentucky

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Follow this and additional works at: https://uknowledge.uky.edu/kwrri_proceedings
Part of the Engineering Commons, Life Sciences Commons, and the Physical Sciences and
Mathematics Commons

Research Institute, Kentucky Water, "Poster Session" (2022). Kentucky Water Resources Annual
Symposium. 4.
https://uknowledge.uky.edu/kwrri_proceedings/2022/2022/4

This Presentation is brought to you for free and open access by the Kentucky Water Resources Research Institute
at UKnowledge. It has been accepted for inclusion in Kentucky Water Resources Annual Symposium by an
authorized administrator of UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu.

POSTERS

Poster Session

37

POSTERS

1. Evaluating the Effects of Beaver Dam Removal on the Hydrology,
Water Quality, and Bioindicators of a Restored Wetland*
Marla R. Ashby1, Kinga M. Stryszowska-Hill1, Karen A. Baumann1, Michael B. Flinn2
Department of Biological Sciences and Watershed Studies Institute, Murray State University
2
Hancock Biological Station
1
mashby7@murraystate.edu

1

Wetlands are important wildlife habitat and serve many crucial ecosystem services but have
historically been drained and converted to agricultural land. In recent decades, wetland
restoration initiatives have resulted in increased wetland area throughout the United States, but
more ecological monitoring of these restored wetlands is needed. North American beavers
(Castor canadensis) are ecosystem engineers and a keystone species in wetland ecosystems but
are often managed as a nuisance species. Few studies have investigated the effects of the removal
of beavers and their dams on wetland ecosystems. We are comparing macroinvertebrate
community structure, physicochemical water parameters, and habitat structure at a restored
wetland in western Kentucky before and after beaver management began (in January 2020), as
well as at a control site with no beaver management. From May 2018 to January 2021, we used
multi-habitat dip nets to sample macroinvertebrate communities, YSI EXO2 multi-parameter
sondes and HOBO water level loggers to characterize physicochemical parameters (depth,
temperature, dissolved oxygen, conductivity, and turbidity) , and satellite imagery to assess
vegetation patch structure. A two-way repeated measures ANOVA indicated a statistically
significant interaction between site (Impact:Control) and treatment (Before Removal:After
Removal) in hydrologic flashiness. The effect of beaver dam removal significantly increased the
hydrologic flashiness of the Impact wetland. The extreme water fluctuations characteristic of
hydrologic flashiness lead to greater temporal and spatial hydrologic heterogeneity. Preliminary
macroinvertebrate results show few differences between control and treatment sample periods,
however lower average water levels may decrease suitable areas for aquatic macroinvertebrates.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program.
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2. Predictive Sediment Flux Modeling of a Karst Spring Using High
Resolution Sensors and Stable Carbon and Nitrogen Isotopes
Leonie Bettel1, Jimmy Fox1, Brenden Riddle1, Nabil Al Aamery2
1
Department of Civil Engineering, University of Kentucky
2
University of Kufa
1
leo.bettel@uky.edu

Karst river and cave systems have shown to be interconnected and transport external sediment that
originate from surface soils through the caves and outlet at the spring. However, resuspension of
previously deposited sediment within the karst caves have an unknown residence time and makes
predicting the sediment flux at the karst spring complex. Predicting sediment transport in karst
river and cave systems remains under-developed, despite that 15% of the worlds terrain is
characterized by karst. We find research gaps in using isotope measurements and formulating
transport models for predicting sediment flux at karst springs. Our goal is to develop a predictive
model of daily water and sediment loads daylighting at a karst spring from 2017 to 2019. This
study is investigating the combined Cane Run watershed, which is known to have high karst
potential and mature karst features, and Royal Spring basin. The study area is located between the
city of Lexington and the city of Georgetown and functions as the primary drinking water source
for Georgetown. Several high resolution sensors and flow measuring devices have been deployed
across the basin for the past 10 years collecting measurements at 10 and 15 minute intervals. Insitu sediment samplers collected fluvial sediments in surface streams as well as at the spring outlet
and were analyzed for the isotopic ratios on an IRMS. Daily average sediment flux values in
combination with isotope data and fluvial erosion equations within the cave is used to develop an
optimization model for predicting the sediment output at the karst spring.
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3. Development and Validation of qPCR Assays for Use in eDNA Detection of
Four Species of Semiaquatic Salamanders
Sara A. Brewer1, Florene G. Bell1, Angie F. Flores1, Kenton L. Sena2, Thomas A. Maigret3, Chi Jing
Leow1, and Ben F. Brammell1
1
Department of Science and Health, Asbury University
2
Lewis Honors College, University of Kentucky
3
Department of Biology, University of Kentucky
1
sara.brewer@asbury.edu

Environmental DNA (eDNA) utilizes DNA organisms release into the environment to detect
their presence and provides an efficient, non-invasive method to determine organism
presence/absence. Recent works have emphasized the need for high quality, carefully tested
assays for use in species-specific marker studies and the need to validate these oligos in silico, in
vitro, and in situ. We developed species specific qPCR assays for four widely distributed species
of semiaquatic North American salamanders: Northern red salamanders (Pseudotriton ruber),
Mud salamanders (Pseudotriton montanus), Spring salamanders (Gyrinophilus porphyriticus),
and Four-toed salamanders (Hemidactylium scutatum). Primers and probes were designed based
on sequences obtained from locally collected specimens and screened for specificity against
nineteen salamander species that occur sympatrically with these species in various parts of their
range. Water samples were collected from field sites in which these organisms are known to exist
in central, south central, and eastern KY for use in field validation of these assays. This project
provides thoroughly vetted tools that should provide useful for future monitoring or range
delineation studies of these species.
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4. Analyzing Recent Spatio-Temporal Rainfall Erosivity Patterns and Trends
Across Kentucky*
C. Andrew Day
Department of Geographic and Environmental Sciences, University of Louisville
a.day@louisville.edu

Rainfall erosivity is defined as the capability of rainfall to cause soil erosion from a surface
during a storm, and acts as the major factor in the revised universal soil loss equation (RUSLE).
It is calculated from rainfall data records with a temporal resolution of at least 30 minutes.
Currently the average long-term annual and monthly rainfall erosivity for a location may be
obtained from isoerodent maps drawn from a sample of climate stations across the US. However,
at the state scale these measures are sporadic, often only utilizing a handful of stations per state
and use rainfall data from an increasingly outdated period of time which may not reflect possible
changing rainfall erosivity conditions over sub-annual time frames. In the southeastern US, for
example, heavy downpours (defined as the heaviest 1% of all daily events) have been occurring
more frequently so it is increasingly likely the current long-term erosivity values are not truly
representative across the state and for time periods beyond those originally employed. To address
these issues, we utilized more recently available high resolution rainfall data from the Kentucky
Mesonet system (50 stations total) to answer the following four questions:
1). How well do the existing long-term mean monthly and annual conditions reflect the recent
(2011-2020) monthly and annual erosivity values? (2. Are any recent trends in monthly,
seasonal, and annual erosivity by climate station and division present? (3. Are erosive storms
occurring more frequently across the state at certain times of the year during the recent period?
(4. Can monthly gridded rainfall data be used to interpolate monthly and annual erosivities
across the state to improve the spatial resolution of erosivity?
Current results revealed widespread significant increases in monthly (and subsequently seasonal
and annual) erosivity across all climate divisions suggesting that the older baseline period used
for erosivity calculations across the state does not accurately represent recent storm erosivity
patterns. The largest increases occurred across the Bluegrass division during Spring and Fall,
with larger increases across Summer and Winter for the Western division. Erosivity of recent
storms appears to follow a spatial pattern as a function of the atmospheric systems controlling
delivery of moisture and energy across the state at different times of the year. Winter frontal
activity from the northwest generated more erosive events to the west of the state in the
winter/spring months, while convective activity to the center and tropical activity coming in from
the southeast shifted the more erosive storm activity to the central/eastern part of the state in the
summer.
Recent trends in erosivity were only present at a handful of stations (23 statistically significant
instances total across all months). Of these 14 were positive and 9 were negative trends. Spring
accounted most of these trends (6 positive and 5 negative) with summer second (7 positive).
However there appears to be no spatial pattern in these trends with occurrences across all climate
divisions. The lack of significant trends is likely due to the shorter time period utilized (20112020). All erosive storms were further tallied by month and climate zone into quartiles. Focusing
on first (Q1) and fourth (Q4) quartile tallies, there was a clear distinction between the two
extreme set of erosive events, with the weaker erosive (Q1) storms dominating across all
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divisions from October through March, with the strongest storms by erosivity (Q4) occurring
April through September. This suggested a clear seasonal pattern with more erosive storms
occurring during the late Spring to Summer period. In terms of spatial differences recent storm
activity appears to support shorter, more intensive, and more erosive events towards the western
side of the state across Fall and Spring. Seasonally, Summer dominated with shorter duration
more intensive and erosive events further East as a function of the atmospheric mechanisms
delivering moisture and energy into those parts of the state at those times.
Use of power regressions to model monthly erosivity from corresponding monthly gridded
rainfall data is currently ongoing but initial results suggest lower performance for the wider
erosivity variance summer months, while performing more strongly in the winter and spring
seasons when erosivity variance is reduced.
A better understanding of whether Kentucky’s recent rainfall distribution and resulting erosivity
is changing could provide the foundations for any future potential outreach and engagement with
the Kentucky EPA NPDES permitting division concerning the possible effects of these changes
on future construction permits and stormwater runoff mitigation across the state. The Kentucky
Division of Water’s Watershed Management and Surface Water Permits Branches may also
benefit from this analysis, regarding their role in coordinating the states’ watershed management
framework including the development and implementation of nonpoint source pollution control,
and best management practices (BMPs) towards erosion control.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program
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5. Development of eDNA Protocols for Detection of Four Darter (Percidae:
Etheostomatinae) Species in Central Kentucky Streams
Abigail K. Fletcher, Mary R. Johnson, Cierla V. McGuire, Sara A. Brewer, Malinda A. Stull, and Ben F. Brammell
Department of Science and Health, Asbury University
afletcher@asbury.edu

Environmental DNA (eDNA) has rapidly become a firmly established method for detecting
organisms of research and conservation interest and promises to greatly increase the ease,
efficacy, and scope of ecological studies. Recent works have highlighted the need for carefully
tested assays for use in species specific marker studies and thorough vetting of eDNA primers
using as many local sequences as available. We developed species specific primers for use in
qPCR eDNA detection of four darter species found in central KY streams: the Rainbow darter
(Etheostoma caeruleum), Fantail darter (Etheostoma flabellare), Greenside darter (Etheostoma
blennioides), and Logperch (Percina caprodes). Primers and probes were designed based on
sequences obtained from locally collected specimens and screened for specificity against seven
other darter species that occur sympatrically with these species in various parts of their range.
Water samples were collected from field sites in which these organisms are known to exist in
central and south-central Kentucky for use in field validation of these assays. Although none of
the fish in this study are threatened or endangered, Kentucky is home to five species of federally
threatened or endangered fish, including three darter species. The results of this study should
prove useful in the eDNA monitoring of these and other threatened and endangered fish species.
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6. Assessing Change in the Seasonality of Stable Isotopes δ18O and δ2H for
Meteoric and Terrestrial Waters of Central Kentucky
Ariel Gold-McCoy, James F. Fox, Brenden Riddle, Leo Bettel, Frances Werner-Wilson
Department of Civil Engineering, University of Kentucky
algold2@uky.edu

Changes in 2017 – 2019 in the multiyear seasonal trend for stable isotopes δ18OH2O and δ2HH2O
have been observed for the inner Bluegrass region of central Kentucky. During this time extreme
precipitation events in 2017 and 2018 brought a record-breaking amount of rainfall to the area
causing relatively low seasonal δ values. While this behavior has been observed for tropical
regions with monsoonal cycles there are no studies known to the researchers which have
observed this long term lowering of δ values for climates like central Kentucky’s. This is
important to investigate because understanding the cause of this change as well as why the
signature took so long to return to expected values has implications for assessing future impacts
of climate change to the region and implications for the future regional water balance. The goal
of this study is to use the isotope signature of water, δ18OH2O and δ2HH2O, to gain knowledge of
water source, fate, and transport in the combined Cane Run watershed and Royal Spring basin.
The study area, which is known to have high karst potential and mature karst features, is located
between the city of Lexington and the city of Georgetown and functions as the primary drinking
water source for Georgetown. Multiyear datasets for precipitation, terrestrial waters, and climate
data are gathered from the National Trends Network (NTN), biweekly grab samples, and
National Oceanic and Atmospheric Administration (NOAA), and analyzed. Furthermore, we
investigate the importance of extreme events on precipitation recharge in karst groundwater
systems, and their role in water losses, including soil percolation and evapotranspiration (ET)
rates. Additionally, a high resolution velocity sensor is deployed at the Kentucky Horse Park to
determine the velocity profile to further enhance the understanding of how these events influence
turbulence characteristics within a phreatic cave system.
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7. Coupling Sediment Fingerprinting and Hysteresis Analysis to Characterize
Sediment Connectivity in a Low-Gradient Watershed
Arlex Marin-Ramirez1, David Tyler Mahoney1,Brenden Riddle2, Leo Bettel2, James F. Fox2
1
Civil and Environmental Engineering, University of Louisville
2
Civil Engineering, University of Kentucky
1
arlex.marin@louisville.edu

Investigating the source, fate, and transport of sediment at the watershed scale is critical for
stream management and ecosystem protection. Despite recent advancements to elucidate drivers
of sediment transport, much uncertainty surrounds the connectivity of upland sediment to the
stream network and transport through it, which is largely attributed to the spatiotemporal
variability of stochastic sediment processes. One plausible, yet untested, approach to reduce such
uncertainty is the characterization of sediment sources and pathways by coupling sediment
hysteresis analyses with sediment fingerprinting. Such analyses – which are derived from highfrequency turbidity data and sediment tracing technology – have seldom been leveraged in
tandem to evaluate drivers of sediment transport. The objective of this study was to investigate
relationships between hydrological forcings, sediment sources, and sediment hysteresis patterns
to characterize the source, fate, and transport of sediment in a low-gradient watershed in
Kentucky, USA.
Our study site was the 62-km2 Upper South Elkhorn watershed, located in the Inner Bluegrass
Region of Kentucky. We characterized the hydrological forcing and hysteresis pattern of 71
hydrologic events between August 2017 and July 2019 using 15-minute discharge and turbidity
data collected at the outlet of the watershed and hourly precipitation data collected at the Bluegrass
Airport. Additionally, we used stable carbon and nitrogen isotopes to conduct sediment
fingerprinting and characterize sediment source variability in the watershed. We then performed
multivariate statistical analyses to investigate how event magnitude and antecedent conditions
correlated to the hysteresis pattern and the sediment sources in the watershed.
Preliminary results show a strong relationship between event magnitude and hysteresis loop
direction. Specifically, high-magnitude hydrologic events were generally associated with
clockwise hysteresis loops, whereas low-magnitude hydrologic events corresponded with counterclockwise hysteresis patterns. Additionally, results indicate that the length of time between
hydrologic events impacted the magnitude of turbidity and sediment concentration in the stream.
We found that consecutive hydrologic events tended to result in lower turbidity peaks, despite
maximum discharge being approximately equal. Results from sediment fingerprinting indicated a
shift from in-stream-dominated to upland-dominated sediment sources as the event magnitude
increased. Thus, the coupled hysteresis and sediment fingerprinting analysis suggested that during
high-magnitude hydrologic events, upland sediment sources are rapidly connected and transported
to the watershed outlet.
While the current paradigm suggests that clockwise hysteresis loops are associated with proximal
sediment sources, our results indicate that proximal sediments may consist of both upland and
instream sources. We hypothesize that sediment exhaustion and discharge thresholds drive the
non-linearity between discharge and sediment transport in the Upper South Elkhorn watershed,
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and thus the hysteresis index will reflect these processes. These results have important implications
for best management practices in watersheds and should be considered as methods to monitor
sediment connectivity are advanced.
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8. Exploring Watershed Properties and Reclaimed Surface Mines Land Use in
the Eastern Kentucky Coal Field Region
Whitney Tara Maynard1, Buddhi Gyawali1, Demetrio P. Zourarakis2
College of Agriculture, Community, and the Sciences, Kentucky State University
2
College of Agriculture, Food, and Environment, University of Kentucky
1
whitney.maynard@kysu.edu

1

Improper land use, mismanagement of natural resources, and poor land reclamation strategies
have led to negative impacts on watershed hydrology. Extensive surface mining operations have
left an indelible mark on Eastern Kentucky and surrounding counties. Alterations created by
surface mining include the removal of vegetation and substantial portions of topsoil. Although
land reclamation efforts were applied, some reclaimed mine lands are barren or sparse of
vegetation. Extensive root structures of vegetation mitigate erosion and runoff, which carries
sediments and contaminates to receiving waters. Excess sedimentation runoff into receiving
water bodies could contribute to flooding in Eastern Kentucky and warrants further restoration
and mitigation practices on erodible reclaimed mine lands.
This research study uses a multidisciplinary approach, identifying and estimating reclaimed mine
lands that are likely to be highly erodible land, based on the Universal Soil Loss Equation and its
derivative models. Elevation data manipulated in ESRI’s Arc Pro simulates the study area’s
topography and used to model slope, flow, and direction of runoff to receiving waters. Statistical,
spatial, and spectral analysis performed in ESRI’s ArcPro GIS estimated soil erosion in the
Study Area of Tug, Lower Levisa, and Upper Levisa Watersheds in Eastern Kentucky. This
study identified reclaimed mine lands estimated to be highly erodible lands that could contribute
to flooding in the study area.
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9. Degradation of Phenolic Aldehyde Pollutants in Water
Reagan A. Patton, Marcelo I. Guzman
Department of Chemistry, University of Kentucky, Lexington, KY
Reagan.a.patton@uky.edu

Phenolic aldehydes are widespread pollutants found in air, water, and soil systems as they
originate from industrial, residential burnings, forest fires, volcanic ash, and vehicle exhaust. As
the general trend of the Anthropocene shows pollution increase, it is of primary concern to
improve water treatment systems to degrade phenolic aldehydes into less hazardous compounds.
Over the past two decades, ozonolysis has become a widespread treatment method, which found
large scale applications within the United States. However, the detailed understanding of the
ozonolysis of phenolic aldehydes in water is far from complete. Thus, in this laboratory work we
study the efficient degradative ozonolysis of three model phenolic aldehydes in water, which
yields a common mechanism of production of smaller and less toxic molecules resulting in
enhanced water quality. Experiments were carried out with a 1 mM solution of the selected
phenolic aldehyde at pH 8, 6, and 4, which was exposed to a variable flow of 0.2 to 1.0 L/min of
1000 ppmv ozone gas for 3 hours. Colorimetric analysis was used to monitor the dissolved ozone
concentration in the sparged reactor. Isosbestic points were determined for all three model
phenolic aldehydes at variable pH to facilitate the quantification. The reactant degradation and
the generation of products were monitored by UV-visible (UV-vis) spectroscopy, ultra-high
pressure liquid chromatography (UHPLC) with UV-visible and mass spectrometry (MS)
detection, and ion chromatography (IC) with conductivity and MS detection of anions. As a
result of the ozonolysis an abundance of secondary organic compounds was formed, including
oxalic acid, glycolic acid, formic acid, and maleic acid. The quantification of the previous
products and the identification of intermediate products under a range of reaction conditions
reveal a deeper mechanistic understanding of ozonolysis and serves to evaluate its
implementation in scaled up water treatment.
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10. Investigating Fate and Transport of Nitrate in Karst Groundwater Using
High Resolution Sensors and Stable Isotope Measurements
Brenden Riddle1, James Fox1, Admin Husic1, Y.T. Wang1, Leonie Bettel1, Jason Backus1, Erik Pollock2
1
Department of Civil Engineering, University of Kentucky
2
University of Arkansas
1
Brenden.riddle@uky.edu

Nitrate generated and leached from agricultural soils to karst aquifers can lead to water quality
problems at and downstream of karst springs. Karst groundwater systems remain particularly
under-studied in terms of nitrate fate due to difficulty in collecting measurements and modelling
the morphology of subterranean caves and fracture networks. Our research goal was to use highresolution nitrate sensors and the isotope signature of nitrate, δ15NNO3 and δ18ONO3, to gain
knowledge of nitrate source, fate and transport in karst basins. To do so, we use a multi-year
high resolution (15 minute) submersible ultraviolet nitrate analyzer measurements and a multiyear dataset of δ15NNO3 and δ18ONO3 collected from agriculturally impacted groundwater basins
in the inner Bluegrass region of central Kentucky USA. Time series analyses of nitrate sensors
shows 5 mg/L N peaks in January-February and 2 mg/L N lows in July-August. Analyses of
δ18ONO3 shows a similar trend to that of nitrate concentration with peaks of 4‰ in July-August
and lows of 0‰ in January-February. Time series analyses shows δ15NNO3 peaks around 9‰ in
September-October and δ15NNO3 low periods of 6‰ in March. The nitrogen isotopic signature
peaks occur when nitrate delivery to the stream is low and soils are dry, allowing the enriched
denitrified nitrate to be slowly leached from soil into the watershed. The spatial variability of
soil properties produces conditions where nitrate can be at different stages of its oxidationreduction potential and therefore differs in both the amount of available nitrate as well as its
isotopic signature. Future work includes further data analysis and a process-based numerical
model that includes stable isotope subroutines to elucidate the fate and transport of nitrate in
karst groundwater and streams.
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11. Polydimethylsiloxane Beads with Incorporated Titanium Dioxide as a
Treatment for Organic Water Pollutants
Connor Schulte, Kellen Patterson, Julian Williams, Lovence Ainembabazi, and Matthew Nee
Department of Chemistry, Western Kentucky University
connor.schulte156@topper.wku.edu

Organic water pollutants such as petroleum are difficult to remove from the environment using
traditional water treatment methods. These methods, including flocculation, sedimentation,
filtration, and disinfection, are well suited for addressing contaminants like bacteria and dirt, but
struggle to remove organic compounds. In order to address organic pollution, a different method
is needed. Photocatalysis has been shown to be effective at facilitating the degradation of organic
compounds into less harmful molecules like carbon dioxide and water. However, adding pure
photocatalyst powder to contaminated water is not ideal because it can also be difficult to
remove – especially if it is added to moving bodies of contaminated water like polluted rivers.
This issue can be solved by attaching the photocatalyst to a buoyant, porous polymer substrate.
The ability of polydimethylsiloxane (PDMS) beads to meet these criteria were tested. PDMS
beads were produced using dispersion polymerization. These beads were found to be an effective
substrate for hosting photocatalyst particles. Despite this, results using PDMS beads are not
scalable sue to the prohibitive cost of the cross-linker needed. Polystyrene is currently being
tested as an alternative polymer to be used in bead production. In order to produce polystyrene
beads, the procedure used for PDMS beads needed to be modified. These modifications included
the addition of an initiator (AIBN) and an increase to the amount of time that the reactants were
heat for. The concentration of the different components of the polystyrene emulsion was varied
in order to test the effect on bead structure and porosity. Bead structure was then observed using
a scanning electron microscope. EDS was used to determine that the photocatalyst was
successfully incorporated into the polystyrene beads, and Brunauer-Emmett-Teller isotherms
were used to determine the surface-area-to-volume ratio of the polystyrene beads. It was found
that polystyrene beads produced via this method were able to incorporate the photocatalyst and
maintain their high porosity.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G16AP00055, WRRI 104B Annual Grant Program
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12. An Assessment of Three Pathways of Greenhouse Gas Flux in Small
Kentucky Wetlands*
M.C. Tierney1, J.A. Swartz1, J.H. Loughrin2, S.W. Antle2 and A.S. Mehring1
1
Department of Biology, University of Louisville
2
Food Animal Environmental Systems Research Unit, Agricultural Research Service, USDA, Bowling Green
1
mark.tierney@louisville.edu

Many freshwater wetlands remove more carbon dioxide (CO2) from the atmosphere than they
emit, but are the largest natural source of methane (CH4) on Earth. In particular, small wetlands
(<10,000m2) may contribute a disproportionate amount of greenhouse gas (GHG) emissions
relative to their size. There are multiple mechanistic pathways for the transportation of GHG to
the atmosphere, but these pathways are relatively understudied in these small aquatic
ecosystems. The goals of this study are to (1) compare the relative magnitude of water-to-air,
sediment-to-water (benthic), and ebullitive fluxes of CO2 and CH4, and (2) to determine the
relative importance of the biomass of algae, floating plants, and sediment organic matter content
as proximate drivers of GHG fluxes in small Kentucky wetlands.
Benthic GHG fluxes, including CO2, CH4, and nitrous oxide (N2O) release from sediments to the
overlying water, were measured at multiple locations in each wetland. Briefly, a coring device
collected sediment and water from the bottom of each pond with minimal disturbance, and cores
were then incubated in the laboratory at source temperatures. Gentle circulation of water
overlying sediments – to match environmental conditions and prevent the formation of diffusive
boundary layers – was achieved with rotating magnets that agitated a stir bar suspended in the
water of each core. Dissolved oxygen, pH, total dissolved solids, conductivity, and salinity were
measured throughout incubations, and the sediment organic matter (SOM) content of each core
was measured via loss on ignition.
A portable GHG analyzer and floating flux chamber were used to measure diffusive water-to-air
fluxes of both CO2 and CH4 at the same locations where sediments were collected in each
wetland. To determine the relative effects of floating vegetation and algae in CO2 uptake, the
percent cover of floating plants and biomass of algae were measured in each site. Water samples
taken from each wetland were analyzed for total and dissolved nitrogen and phosphorus,
dissolved carbon, pH, temperature, and dissolved oxygen. As an important modulator of GHG
production, SOM (from sediment cores) was related to both benthic and water-to-air fluxes, and
compared against the biomass of algae and floating plants as predictors of wetland GHG
emissions. To determine which combinations of environmental parameters best explained
differences among wetlands in rates of GHG flux, competing multiple regression models were
assessed with Akaike’s Information Criterion (AIC).
Lastly, ebullition (the sudden release of gas bubbles from sediments) was measured with floating
ebullition traps. Ebullition can account for greater than half of CH4 emissions in wetlands and is
therefore a crucial component of wetland carbon balance. Ebullition traps were constructed from
inverted Erlenmeyer flasks attached to funnels suspended under the surface of the water. Traps
were left in place for approximately 24hrs per sampling event. This method in conjunction with
diffusive fluxes allowed for a more complete picture of CH4 emissions from ponds, as it allowed
for continuous measurement over a full day-night cycle, while brief measurements of emissions
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with flux chambers could be impacted by diel changes in sunlight and temperature. The relative
magnitude of ebullitive vs diffusive fluxes will be discussed.
Many previous studies have measured individual pathways of GHG flux in larger bodies of
water, but few have quantitively measured multiple pathways of carbon flux in small wetlands.
In doing so, this project fills a crucial information gap in the state of Kentucky, where more than
80% of wetlands have been lost and the majority that remain are small in size. There is a need to
scale these measurements for a more complete picture of the contribution of small bodies of
water to state and global carbon budgets. To that end, the data collected through this research
will be coupled to previous efforts to map smaller bodies of water throughout Kentucky. It is our
hope that our ongoing work will ultimately provide an assessment of the state of small wetlands
in Kentucky as net sources or sinks of multiple GHGs, their contributions to larger-scale carbon
budgets, and will help to inform their management over time.

This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative Agreement
No. G21AP10631-00, WRRI 104B Annual Grant Program.
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13. Topographic Change Detection in Selected 14-Digit Watersheds of
Martin Co., Kentucky Using Lidar Elevation Data for the Years 2011 – 2019
Demetrio P. Zourarakis1, Whitney “Tara” Maynard2, Buddhi R. Gyawali2
1
College of Agriculture, Food and Environment, University of Kentucky
2
College of Agriculture, Community and the Sciences, Kentucky State University
1
demetrio.zourarakis@gmail.com

As new landscapes develop due to mining reclamation activities, hydrologic modifications
resulting from topographic changes in Eastern Kentucky also need detection and quantification.
This paper presents results from a comparison between two digital elevation models (DEM)
based on laser altimetry surveys performed in 2011 and 2019 by fixed wing, manned aircraft as
part of KyFromAbove, Kentucky’s Aerial Photography and Elevation Program
(https://kyfromabove.ky.gov/). Forty-nine 14-digit hydrologic units contained entirely in Martin
County were selected for the study
(https://kygeoportal.ky.gov/geoportal/catalog/search/resource/details.page?uuid=%7B0E78FEF6
-1CCA-496D-8CE6-78D31C43058B%7D). The catchment areas varied from 93 to 10,601 acres
with a mean of 2,933 acres, and a median of 2,933 acres. For the area of interest, digital
elevation values ranged from 563 to 1618 feet, and from 561 to 1620 feet in 2011 and 2019,
respectively. Topographic changes during that time period varied between -346.0 and 253.0 feet,
with a mean of -0.3 feet and a standard deviation of 9.0 feet.
When elevations falling within three standard deviations on each side of the mean were
discarded, only 20 watersheds were affected by significant changes in elevation. One of them,
for example was the increase in area and depth of a yet unnamed waterbody in the Middle Fork
of Rockcastle Creek watershed (HUC14: 05070201210010), with contributing streams: Middle
Fork of Rockcastle Creek, Letter Gap Branch, Chestnut Cove Branch, Music Fork, and Sand Gap
Branch (Fig. 1). Other results clearly indicate the typical resurfacing by “borrow and fill” and
grading towards restoring a natural- looking terrain morphology, such as the one straddling the
Long Branch (HUC14: 05070201200110) and Tug Fork (HUC14: 05070201150070) watersheds
(Fig. 2). As additional lidar data are procured, hydrologic modifications due to topography
changes can be documented in similar fashion.
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Figure 1: Increase in waterbody depth and area detected by topographic change.

Figure 2. Surface mining reclamation activities detected by topographic change.
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14. Modeling Chlorine and Disinfection By-Products in Water Distribution
Systems in Eastern Kentucky
Yogesh Gautam1, Aidan Gill1, Scott Yost1, Diana Byrne1, Lindell Ormsbee1, Jason Unrine2,3
1
University of Kentucky Department of Civil Engineering
2
Kentucky Water Resources Research Institute
3
Department of Plant and Soil Sciences, University of Kentucky
1
yogesh@uky.edu

The delivery of safe potable drinking water to Kentucky communities remains an important
objective to both local water utilities as well as the state of Kentucky which is directly responsible
for enforcing the provisions of the US EPA Safe Drinking Water Act (SDWA). The SDWA
currently requires utilities to ensure a pathogen-free drinking water environment through the
requirement of a minimum disinfection residual (typically through the use of chlorine at 0.2 mg/L)
to be maintained throughout the distribution system. Several years after the original institution of
these requirements in 1974, it was determined that chlorine can interact with certain organic
compounds and inorganic ions in the natural water supply to create what are known as disinfection
by-products (DBPs) such as trihalomethanes (TTHMs). Many DBPs are carcinogenic, neurotoxic,
genotoxic, mutagenic, and teratogenic. As a result, the EPA currently limits TTHM values in the
water distribution system to be less than 80 ug/L. Historically, several water distribution systems
in Kentucky have had problems maintaining this delicate balance between adequate disinfection
and the excessive formation of TTHMs. As a result, more research is needed to address knowledge
gaps on the occurrence of DBPs in public drinking water systems and to develop strategies for
maintaining this balance.
Past studies have shown that DBPs can form both at the water treatment plant and in the water
distribution system. In this study, a commercial software package for modeling water distribution
hydraulics (i.e., KYPIPE) was modified to allow for both the modeling and prediction of both
chlorine residuals and TTHMs in a water distribution system. This was first accomplished by
linking KYPIPE with EPANET, another software package developed by EPA for use in modeling
water age and the transport of both conservative and non-conservative constituents (such as
chlorine) through the distribution system. EPANET requires both bulk decay and pipe wall decay
coefficients for each pipe in the water distribution system although each coefficient is typically
assumed to be the same for all pipes in the system. Prediction of DBP formation was accomplished
through the use of correlation models that relate DBP formation to either water age or chlorine
demand (i.e., the difference between the source water chlorine concentration and the concentration
at a particular point in the distribution system).
In this study, the developed model was first validated against a system with known chlorine and
DBPs measurements. It was then used to predict the chlorine and DBP values for two additional
distribution systems in eastern Kentucky. In each case, the parameters of each model were first
calibrated against measured chlorine and DBP values which were obtained from field sampling.
Once calibrated, the models were then validated against another independent data set. In each
case, the model was able to predict chlorine and DBP values within an acceptable tolerance. Once
developed, such models can then be used to explore new operational strategies for the purpose of
maintaining a necessary chlorine residual (to protect against pathogen formation) while ensuring
that TTHM concentrations are below the current regulatory limit.
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15. Using 16S rRNA Gene Sequencing of the Gut Microbiome to Understand
the Effects of Freshwater Mussels on Water Quality*
Mary Foley1, Wendel Haag2, David Weisrock1, and Luke Moe3
1
Department of Biology, University of Kentucky
2
U.S. Forest Service, Frankfort, KY
3
Department of Plant Sciences, University of Kentucky
1
mary.foley@uky.edu

Kentucky streams' water quality and ecosystem function are at risk of contamination by algal
blooms. Harmful algal blooms (HABs), caused primarily by cyanobacteria, release toxins into
the water linked to the death of fish and livestock, while non-harmful algal blooms block light to
benthic plants and result in oxygen dead zones upon die-off. Bivalve species improve stream
water quality by filtering microorganisms, silt, and excess nutrients from the water column and
depositing them into the substrate. HAB-causing algae have been found in the gut of some
mussel species, suggesting their role in algal bloom mitigation. However, the invasive zebra
mussel was shown to promote algal blooms in the Great Lakes by preferentially excluding bluegreen algal from their diet. Here, we use 16S rRNA gene sequencing and microbiome analysis to
identify the planktonic bacterial species consumed by five Kentucky native freshwater mussel
species and the invasive bivalve, Corbicula fluminea, commonly known as the Asian clam. Diet
overlap among species would indicate density is more important than diversity in bivalve
community composition regarding algal bloom prevention. Additionally, because the
introduction of C. fluminea to Kentucky waterways is thought to play a role in the recent decline
of native mussel populations, possibly due to resource competition, our research will provide
evidence, if any, of food niche overlap between the native mussels and the Asian clam. Our
results are important for assessing the effects mussel species loss will have on Kentucky stream
water quality and can be applied to mussel conservation efforts.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program
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16. Nutrient Effects on Microcystin Toxin Production by Cyanobacteria in
Kentucky Lakes Across a Trophic Continuum
Elisa D’Angelo
Plant and Soil Sciences, University of Kentucky
edangelo@uky.edu

Numerous public health advisories have been issued at KY lakes and reservoirs due to elevated
microcystin concentrations. Microcystins are a class of >80 compounds produced by certain
naturally-occurring cyanobacteria species (commonly known as “blue-green algae”) which are
potent liver toxins that adversely affect health of people, pets, and wildlife (1).
To better protect human and animal health, improved strategies are needed to predict/prevent
cyanobacterial growth and microcystin production. Being photosynthetic organisms,
cyanobacterial growth is governed by light, temperature, and nutrient concentrations, as well as
by complex positive and negative interactions with other aquatic organisms (2).
Predicting microcystin concentration is further confounded by the fact that microcystin gene
expression is not constitutive, but rather is facultatively expressed only when it is needed for
reasons that have yet to be established (3).
The primary objective of this study was to determine the effects of nitrogen and phosphorus
inputs on microcystin production and gene expression in four KY lakes of differing trophic status
ranging from mesotrophic (Corinth Lake, Grant County), eutrophic (Sympson Lake, Nelson,
County and Jacobsen Lake, Fayette, County) to hypereutrophic (Taylorsville Lake, Anderson
County).
Figure 1. Water quality in four
KY lakes evaluated in the study,
ranging from lowest to highest
trophic status from left to right.

Parameter (µg/L)
Chlorophyll a
Total Phosphorus
Total Nitrogen

Corinth
4
0.6
1087

Sympson
18
24
1596

Jacobsen
7
205
1544

Taylorsville
41
388
3504

Water from the four lakes was incubated in 1 L Mason jars under temperature-controlled
greenhouse conditions (23°C; up to 200 µE/(m2s) under three treatment conditions including
Control (no amendment), +Nitrate (5000 µg N/L), +Phosphate (500 µg P/L). Periodically for
seven weeks, microcystin, chlorophyll a, total P and N, and N2 fixation were determined and
RNA was extracted and reverse transcribed and polymerase chain reaction amplified using three
different PCR primers specific for microcystin synthesis mcyE gene by Anabaena, Microcystis,
and Planktothrix.
Nitrate and phosphate additions significantly increased chlorophyll a and microcystin production

57

POSTERS
in hypertrophic Taylorsville Lake (Figure 2) but not in the other three lower-trophic level lakes.
PCR analysis of nitrate-amended Taylorsville Lake samples revealed that microcystin synthesis
mcyE gene was expressed by Microcystis, and not by either Anabaena or Planktothrix.
Another key finding was that phosphate addition to Taylorsville Lake greatly increased N2
fixation, which greatly increased total nitrogen which greatly increased the concentration of Nrich microcystin (yellow box in Figure 2).

These results emphasize the importance of controlling phosphorus inputs to lakes because it
greatly increases nitrogen concentration in lake water by increasing fixation of nitrogen from an
infinite source of N2 in the atmosphere.
Studies are planned to more thoroughly investigate linkages between phosphorus and nitrogen
cycling and their effects on phytoplankton communities by molecular techniques under field
conditions in Taylorsville Lake.
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17. Sampling Ground and Surface Water Sources Used by Kentucky Produce
Growers for Production and Post-Harvest Activities
Cindy Finneseth, Dani D’Antonio, and Dakota Moore
Kentucky Horticulture Council
Info@kyhortcouncil.org

The Produce Safety Rule (PSR) of the Food Safety Modernization Act (FSMA) establishes
science- and risk-based standards for the safe growing, harvesting, packing, and holding of fruits
and vegetables grown for human consumption. Subpart E of the PSR relates to microbial water
quality of agricultural water sources used for production and post-harvest activities. Standards
for agricultural water likely to come into contact with produce or food contact surfaces are based
on detection of non-specific E. coli, which is an indicator of fecal contamination in a water
source. The acceptable profile characteristics are 126 or fewer colony forming units (cfu) per 100
mL and 410 or fewer cfu per 100 mL for the geometric mean (GM) and statistical threshold
value (STV), respectively, for production water. The acceptable profile standard for post-harvest
water is 0 (zero) cfu per 100 mL sample.
The Kentucky Horticulture Council (KHC) and the National Farmers Union’s Local Food Safety
Collaborative (LFSC) partnered to educate farmers on basic food safety practices and provide
on-farm technical assistance. As part of the project, between 2019-2022, 17 growers in different
regions of Kentucky participated in ag water sampling and on-farm technical assistance
activities. Samples were collected using a standard protocol and submitted to commercial
laboratories for testing using FDA-approved methods, with total coliforms and E. coli
measurements reported. E. coli ranged from <1 to 2,420 cfu/100mL per individual sample, with
sample sets having a GM range of 1 to 263 cfu/100mL and STV range of 1 to 5,370 cfu/100mL.
The preliminary sampling indicated that 30% of the water sources tested exceeded allowable
microbial water quality standards for production water.
The initial PSR required producers using a ground water source to sample 4 or more times
during the growing season (or over a year) and at least once annually once a baseline microbial
water quality profile is established. Producers using surface water sources were expected to
collect and test 20 samples over 2 to 4 years and 5 or more annually after the initial baseline is
established. In December 2021, FDA published a proposed rule to revise subpart E of FSMA to
change pre-harvest agricultural water requirements. This change, if finalized, will require farms
to conduct a systems-based agricultural water assessments to determine the level of risk on their
farm rather than directly testing the water sources, which will become voluntary.
Based on 2017 USDA Ag Census data, Kentucky has over 2,300 farms growing vegetables for
fresh market sales and an additional 1,200 orchards. More than 2,100 small-scale farm families
grow produce for fresh market sales and more than 1,000 growers use irrigation technologies to
manage crop moisture. KHC will continue working with produce growers who have high farm
risk or presence of E. coli to ensure best water management practices as well as help growers
transition to any new risk assessment tools developed by FDA and other agencies.
This project was supported by the National Farmers Union LFSC and the Kentucky Agricultural Development
Fund.
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18. Sustainability in Membrane Separations: Integration of Eco-Friendly
Solvents and Recycled PET in Polymeric Membranes for Water Purification
David Lu, Isabel C. Escobar
Department of Chemical and Materials Engineering, University of Kentucky
david.lu@uky.edu isabel.escobar@uky.edu

Many materials traditionally used for polymeric membrane fabrication incur significant
environmental impacts and limit sustainability of the process; therefore, more eco-friendly
materials are needed in membrane fabrication. In this study, recycled polyethylene terephthalate
(rPET) and a solvent blend of Rhodiasolv® PolarClean (PolarClean) and gamma-valerolactone
(GVL) were used as eco-friendly materials to fabricate polysulfone (PSf) ultrafiltration (UF)
membranes. The calculated Hansen solubility parameter affinity and relative energy difference
values for PET and PolarClean-GVL of 6.94 and 0.86, respectively, indicate favorable dissolution
to create the preceding dope solution. At a baseline evaporation time of 30 seconds, the resulting
rPET-PSf/PolarClean-GVL membranes outperformed the filtration capabilities of PSf/NMP
membranes with 3.5% higher permeability (23.4 LMH/bar) and 53.2% greater rejection (84.9%)
of bovine serum albumin (BSA). Increasing the evaporation time to 60 seconds (s) resulted in a
32.4 LMH/bar decrease in permeability and 0.8% increase in BSA rejection, whereas decreasing
the evaporation time to 0 s generally led to a 235.8 LMH/bar increase in permeability and 4%
increase in BSA rejection. The findings indicate the potential for eco-friendly materials to serve
as alternatives for traditional materials in polymeric membranes.
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19. Effect of Organic Matter Type on Formation of Drinking Water
Disinfection Byproducts in the Presence of Elevated Concentrations of
Bromide
Alicia Harriman1, Shristi Shrestha1, and Jason Unrine1,2
Department of Plant and Soil Sciences, University of Kentucky
2
Kentucky Water Resources Research Institute, University of Kentucky
1
a.harriman@uky.edu
1

The process of drinking water treatment involves the addition of disinfectants to eliminate
potentially harmful organisms. Chlorine and chloramine are the most used drinking water
disinfectants. During disinfection, disinfection byproducts (DBPs) can be formed, including
trihalomethanes (THMs) which have been associated with a variety of adverse health effects in
both animal and epidemiological studies, and haloacetonitriles (HANs), which may be more
toxic, but are not regulated. Hypochlorous acid (HOCl) formed during chlorination is a powerful
oxidant, and therefore reacts with organic matter found in raw water forming chlorinated DBPs.
Hypochlorous acid can also react with bromide (Br-), yielding hypobromous acid (HOBr) and
chloride (Cl-). Hypobromous acid reacts with organic matter and/or chlorinated DBPs forming
brominated DBPs, which are more toxic than DBPs containing only chlorine. Little is known
about how natural organic matter properties impact formation of brominated disinfection
byproducts. This study investigated the formation of brominated trihalomethanes and
haloacetonitriles during a controlled laboratory simulation of drinking water treatment.
To simulate source water, we used U.S. EPA moderately hard reconstituted water1 (hardness ~90
mg/L; alkalinity ~ 75 mg CaCO3/L), which we buffered to pH 7.5 using 5 mM phosphate buffer.
We added potassium bromide at a concentration of 0.25 mg Br/L, which is relevant to a typical
elevated bromide concentration in surface water in Kentucky based on Kentucky Division of
Water monitoring data (not shown). We added 4 mg total organic carbon/L of four distinct types
of purified natural organic matter: Suwanee River humic acid (SRHA), Suwanee River fulvic
acid (SRFA), Pahokee peat humic acid (PPHA), and Pahokee peat fulvic acid (PPFA). Suwanee
River is an aquatic source of NOM, while Pahokee peat is a terrestrial source derived from peat
soil. Humic acids have a higher molecular weight than fulvic acids and terrestrial-derived NOM
has higher molecular weights than aquatic NOM2. There are also differences in elemental
composition, aromaticity, and acid functional group composition among these organic matter
types. The organic carbon concentration was selected to be relevant to requirements for TOC in
source water according to the EPA DBP rules3. We treated the simulated waters with sodium
hypochlorite (NaOCl) to yield a chlorine residual concentration of 1.5 mg free Cl/L, which is a
typical residual concentration in drinking water systems and incubated them at 22 °C for 24
hours. The chlorine residual was then neutralized with ammonium chloride, buffered to pH 4.5
with phosphate buffer to avoid enzymatic degradation of HANs, and stored at 4 °C until analysis.
Samples were analyzed for HANs and THMs using liquid-liquid extraction, gas
chromatography-electron capture detection (GC-ECD) according to EPA method 551.14.
We observed formation of seven DBP compounds including four THMs
(bromodichloromethane, bromoform, chloroform, and dibromochloromethane) and three HANs
(dichloroacetonitrile, dibromoacetonitrile, and bromochloroacetonitrile). Trichloroacetonitrile
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was analyzed but not detected. Typical method detection limits were 0.001 mg/L. Recovery of
the decafluorobiphenyl surrogate ranged from 75-125% and spike recovery ranged from 85105%. Concentration ranges were typical of what is observed in compliant drinking water
treatment systems. For THMs (Fig 1), we found that fulvic acid tended to form higher
concentrations of brominated DBPs than humic acid, while the opposite was true for chloroform,
which only contains chlorine. Source (aquatic/Suwanee River or terrestrial/Pahokee Peat) had
negligible impact on brominated THM formation, but terrestrial NOM tended to form lower
concentrations of chloroform. For haloacetonitriles, bromochloroacetonitrile and
dichloroacetonitrile concentrations were higher for terrestrial NOM, while no clear pattern was
observed for dibromoacetonitrile. We will also present an analysis of how organic matter
properties (%N, %C, % aromatic C, % aliphatic C) impact DBP formation. These results provide
further insight into the factors that drive formation of brominated DBPs in source waters that
contain elevated concentrations of bromine, such as waters impacted by contamination from
mining, fracking, and coal combustion waste.
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20. Aerobic Scope in Kentucky Stream Fishes as a Fitness Indicator of
Climate Change Impacts
Richard D. Durtsche
Department of Biological Sciences, Northern Kentucky University
durtsche@nku.edu

This study addressed the potential use of metabolic scope as a measure of fitness within stream
fishes in Kentucky in the response to impending global climate change that will impact these
aquatic ecosystems in the future. Predicted global average temperatures will increase up to 3˚C
over the next 100 years, which could drastically change the aquatic ecosystem of Kentucky
streams and the ecosystem services they provide. As many areas of the world are finding these
thermal changes are occurring faster than anticipated, testing of how stream fishes respond to
varying temperatures can provide insight into their current and future capacity to respond to
these changes. One of the focuses of this study is to determine how adult stream fish respond
metabolically to different temperatures. Metabolic response can be measured as the minimum
metabolic rate (or standard metabolic rate, SMR) needed for fish to survive, as their maximum
metabolic rate (MMR) used in predator escape behavior or foraging, and the metabolic or
aerobic scope (AS) which is the difference between MMR and SMR. The other aspect of this
study is to have these fish spawn and raise the offspring fish through embryogenesis and into
feeding juvenile stages at temperatures that mimic normal stream temperatures (cold) for one
cohort, and at temperatures +3˚C above normal stream temperatures (warm) for another cohort.
Juvenile fish of both cohorts would then be tested for their metabolic scope at a common
temperature to determine how they differ depending on their development temperatures. The
three fish species that were tested represent bottom dwelling (rainbow darters, Etheostoma
caeruleum), midwater occurring (bluntnose minnows, Pimephales notatus), and top water
(mosquitofish, Gambusia affinis) fishes. This research involved undergraduates through directed
studies in all aspects of the project.
Fish were collected by kick seining at a stream (4 Mile Creek, Campbell Co.) located near the
Northern Kentucky University Research and Education Field Station (REFS), and mosquitofish
were obtained from the University of Kentucky Ecological Research and Education Center
(EREC). After a one-week quarantine period, adult fish of each species were acclimated to one
of four temperatures (13˚C, 18˚C, 23˚C, and 28˚C) for 3-5 days before testing in either
environmental chambers or with tank chillers and heaters. Fish were also not fed 24-48 hours
prior to testing. Fish metabolic rates were measured in an intermittent static flow respirometry
system with infra-red optical oxygen sensors monitoring four systems with an optical oxygen
meter. Respirometry chambers were designed and constructed with 50 ml conical vials to make
accurate metabolic rate measurements with the small fish. A measurement trial for all fish began
with a 4 min chase in a circular swim chamber to attain maximum swim-glide activity with a 1
min air exposure to add respiratory stress before being placed into the respirometry chambers to
begin metabolism recordings. Fish respired maximally (MMR) and then recover to standard
metabolic rate (SMR) for the remainder of the trial. MMR was recorded for 10-15 min, before
recharge pumps refreshed oxygen levels in a respiratory system, followed by 10 min intermittent
respirometry periods (240 sec (4 min) recording SMR respiration followed by a 360 sec (six
min) recharge flush of fresh tank water so oxygen levels rarely dropped below 90% of the fully
oxygenated system. Trials (six cycles per hour) were typically run for 6-17 hr. Metabolic rates
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for all fish were evaluated with the respR package (v2.0.1) on RStudio. Recordings of oxygen
consumption after the initial MMR measure, consisted of anywhere from 35,000 to over 90,000
data points to generate for 35 to 100+ intermittent aquatic respirometry recording units (Fig.1).
Using the auto-rate function in respR, the most linear section of each oxygen consumption bout
was used to generate the regression for that bout. The lowest 10% of these regressions (solid dots
in Fig. 1) were used to determine the standard metabolic rate.
Fish breeding attempts at different temperatures had mixed results. Two paired breeding tanks
(cold and +3˚C) were set up with structure for darters and bluntnose minnows to breed. While
eggs were produced by both species, only a few bluntnose minnows survived to a size for testing.
Mosquitofish, live-bearers, were maintained under the two temperature conditions, and when
gravid, females were maintained in netted cups in water so offspring could escape without being
eaten by the adults. Juvenile fish raised under the different test temperatures, were tested for their
metabolic rates similarly to adults to acquire MMR and SMR.
In the evaluation of the SMR among the four test
temperatures for adult fish, there was a significant
difference in Temperatures (F3,161 = 17.396, p < 0.001),
and among Fish Species (F2,161=5.712, p = 0.004) (Fig.
1). The MMR data and AS were not significantly
different based on the range of temperatures tested, but
were found to be significantly different among species
(MMR - F2,161 = 44.352, p < 0.001; AS - F2,161 = 27.214,
p < 0.001). The Tukey post-hoc test indicated a
significantly higher SMR, MMR and AS for
mosquitofish than the other two species.
Fig. 1: The standard metabolic rate (SMR) of
In testing the juvenile mosquito fish raised under
bluntnose minnows, mosquitofish, and rainbow
current (26˚C) and future climate conditions (29˚C,
darters measured at four different temperatures.
+3˚C), significant differences were found among
metabolic measures (Fig. 2). The AS was significantly
different (t62 = -2.196, p = 0.0032). In comparison with
adults, mosquitofish juveniles had significantly higher
rates of metabolism for SMR (t130 = -11.795, p < 0.001),
MMR (t1302 = -8.622, p < 0.001), and AS (t130 = -4.774,
p < 0.001).
Overall, the results document that topwater
mosquitofish have significantly higher metabolic rates
than either midwater bluntnose minnows or rainbow
darters, the maximum metabolic rate and aerobic scope
being higher at all acclimation temperatures. As
mosquitofish are active predators and fish that live at the
Fig. 2: The standard metabolic rate (SMR) and
surface of the water, they may need these higher activity
maximum metabolic rate (MMR) of adult and
levels to capture prey or escape predators.
juvenile mosquitofish..

64

POSTERS

21. Synthesis and Application of Biochar-Based Membranes in Water
Treatment Around Appalachian Region
Abelline Fionah
Department of Chemistry, University of Kentucky
akfionah1@uky.edu

Water contamination resulting from coal spills is one of the biggest environmental problems
affecting communities surrounding the Appalachia region. Residual cleansing of coal produces a
black slurry like substance that is stored in impoundments or in abandoned underground mines.
This coal slurry contains potentially toxic substances, such as hydrocarbons, heavy metals, and
coal cleaning chemicals. Leakage of the coal slurries into water bodies (lakes, rivers, aquafers),
can lead to adverse health effects not only on marine and plant life but also humans. In this
project, biochar was utilized to synthesize a biochar-polysulfone based membrane capable of
removing contaminants present in waters surrounding the Appalachian Region. Addition of
biochar into the membrane matrix improved the percent BSA rejection. The resulting membranes
were then tested for their efficiency in removing contaminants from water that was collected
from various water sources within martin county Kentucky. It was found that the membranes
with biochar incorporated in their matrix showed higher potential for contaminant removal
compared to those without.
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22. Appalachia Flash Flood Center – Concepts and Collaboration Planning
Mark N. French
Department of Civil & Environmental Engineering, University of Louisville
Mark.French@louisville.edu

The Appalachia Flash Flood Center (AFFC) promotes understanding flash flood occurrence in
the unique environment of Appalachia and develops community-based responses for improving
flash flood resilience and safety for individuals, households, groups and organizations.
Perspective:
The Appalachia Flash Flood Center (AFFC) is a collaborative initiative to promote reduction in
loss of life and property due to flash flooding in the Appalachia region. Kentucky and adjacent
Appalachian regions suffer repeated tragic loss of life and property damage associated with flash
flooding. The July 2022 flash flooding in Kentucky counties of Knott, Breathitt, Perry, Letcher,
and Clay resulted in at least 37 deaths. Flash flooding is not a new phenomenon to this region,
however the July 2022 floods resulted in one of the largest number of fatalities due to flash
flooding in the US in over 45 years, and places it as one of the deadliest flash floods on record.
The Kentucky Governor and legislature approved a $212 million package to aid communities
with recovery and rebuilding property and infrastructure damage.
Following recovery, longer-term planning and perspective could bring benefits to public safety
by considering past, present, and future factors contributing to flash flood losses and to evaluate
measures to mitigate loss of life and property in Kentucky and West Virginia, and throughout
Appalachia. The AFFC would function as a collaborative technical and social support center for
developing, planning, implementing, evaluating, monitoring, training, community outreach and
actions to mitigate flash flood impacts and enhance community-based resilience.
Appalachia Flash-flooding:
Appalachian flash-flooding differs from other types of rainfall-runoff flooding due to the
rapid onset of runoff, rapid rise in water levels, isolated and small-scale spatial extent (relative to
larger stream and river flooding), high velocity of water flow, debris carried with runoff waters,
and short-time for life-saving evacuation from home or vehicle.
Appalachian flash-flooding differs from more arid climate and desert flash-flooding, e.g.
western U.S., due to watershed geomorphic characteristics (watershed size and slopes, soils,
channel slopes and geometry), vegetation, as well as differences in rainfall characteristics.
Conceptual Plan:
• Mission: Establish community-based continuous flash flood monitoring and alert systems
• Appalachia-based resource to inform communities and individual residents of flash flood
hazards through education, outreach, and feedback
• Review, develop, evaluate, and implement best practices in flash flood monitoring, warnings
and alerts communication for organizations and individual households
Appalachian Flash Flood Center Actions:
• Identify communities and community leaders in Appalachia willing to participate in
discussing issues and developing a flash-flood impact mitigation plan
• Collaborate with community leaders and residents to develop a locally supported, local
inspired, state/federal funded, proto-type flash-flood mitigation plan
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•

For example, incorporate escape route planning concepts – such as escape routes for
household/school/hotel/business fire emergencies where urgent exit to safe areas is needed
Provide public education of flash flooding dangers, situational public awareness such as is
done for tornado and severe weather events
Review concepts and technical components necessary to provide information for
rainfall/runoff/streamflow/water-level estimation (forecast), real-time monitoring
(lidar/IR/laser water level sensor), and mobile comm systems to relay data and issue
automated location specific warnings and alerts
Provide community members GPS-based, individual location specific, flash-flood warning
alerts for their real-time location
Incorporate GPS based, graphical travel directions for immediate escape route (walking and
driving) and indication of timing to escape
Implement operational monitoring and warning systems linked to specific
creek/watershed/branch drainages and home locations where people are known to live
Develop a system to rank and review households on sensitivity to flash flood impact scale –
providing homeowners with resources for improving flash flood resilience
Link real-time warning alert system to mobile devices (cell phone) and emergency responder
agencies – give specific resident household locations along flash-flood prone waterways
Alerts for individual resident or emergency responder with information about water levels at
a specific location and impacts to resident homes and local roadway bridges

Potential collaborators:
• Appalachian Regional Commission - www.arc.gov/
• Appalachian Center at University of Kentucky - appalachiancenter.as.uky.edu/
• KYWRRI – www.research.uky.edu/KWRRI
• National Water Center, University of Alabama (Tuscaloosa) & Office of Water Prediction
- water.noaa.gov/about/nwc
• NOAA-NWS Jackson Ky: www.weather.gov/jkl/ – COMET NOAA- www.comet.ucar.edu/
• NOAA NWS River Forecast Center - water.weather.gov/ahps/rfc/rfc.php
• West Virginia Water Research Institute: wvwri.wvu.edu/
• West Virginia Mountain Hydrology Lab: www.mountainhydrologylab.com/
• Iowa Flood Center: iowafloodcenter.org/ – IFIS: ifis.iowafloodcenter.org/ifis/app/
• Hydrologic Research Center: www.hrcwater.org/
• Other agencies with interests in the Appalachia region TBD
Figure 1 shows first and second order streams as over 75% of total stream network length in the US. In EKY - these types of
systems are highly prevalent - however, less than 5 % of USGS gages are on these networks. Increased monitoring on small
streams, could be key to an early warning system. Figure 2 shows the Iowa Flood Information System (IFIS): real-time water
level graphic for specific stream point locations.
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23. The Importance of Tree Species and Soil Phosphorus in Driving Soil
Greenhouse Gas Emissions in Humid, Subtropical Forests
Gary E. Stinchcomb, Bassil El Masri, J.B. Moon, Jarred Asselta, Devin Richards, Melanie Johnson
Department of Earth and Environmental Sciences, Murray State University
gstinchcomb@murraystate.edu

The cycling of the critical nutrient, phosphorus (P), between plant and soil may have
implications for greenhouse gas emissions. We set out to understand how soil P relates to soil
gases using flux measurements and the apparent respiratory quotient (ARQ). The ARQ tracks the
difference in soil CO2 and O2 relative to atmospheric conditions and is becoming a standard way
to track biotic controls and interpret biogeochemical processes in the soil. We measured the total
and extractable soil P, soil pCO2 and pO2, and calculated ARQ, at six depths at two alluvial
terrace sites, one dominated by the more drought-tolerant post oak (Quercus stellata) and the
other cherry bark oak (Quercus pagoda). We also began monitoring the surface CO2 and CH4
flux during the summer of 2022. For both forest sites, the mean ARQ during the January-April
sampling interval is <1; whereas the mean ARQ during the May-July interval is >1. We suggest
that these seasonally dependent changes in ARQ reflect Fe redox reactions and silicate
weathering during the winter and spring and aerobic respiration during the late spring and
summer. Further, the mean ARQ is greater in the subsoil (Btg) horizon under the cherry bark oak
forest and suggests that more CO2 is produced than O2 consumed. This is consistent with our
preliminary flux measurements collected in July showing that there are significant differences in
soil CO2 (p-value < 0.001) fluxes across these sites. The Cherry Bark Oak site has higher soil
CO2 (CO2: 6.29 ± 1.43 μmol/m2/s) emissions than the Post Oak site (CO2: 3.23 ± 0.94
μmol/m2/s). The larger subsoil ARQ and higher CO2 efflux from the cherry bark oak site
coincide with almost six times more available soil P under the cherry bark oak (0.86 mmol kg-1)
when compared to the post oak (0.15 mmol kg-1). We argue that the larger pool of available P
under the cherry bark oak forest causes higher CO2 emissions through either heterotrophic or
autotrophic (root) respiration. Our findings are consistent with previous work and now suggest
that subtle changes in the forest ecology, e.g., change in dominant tree species, may have a more
pronounced impact on soil CO2 emissions through P cycling in the plant-soil continuum.
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